The world's oceans are suffering a constant and unprecedented accumulation of emerging plastic contaminants known as microplastics with a particle diameter smaller than 5mm. Microplastics exhibit a widespread distribution in various habitats from land to the oceans, and even reach the most remote regions -the deep sea and the polar, receiving attention exponentially in the past few years. Owing to their small size, marine species risk getting ingested and entangled in microplastics, causing suffocation, starvation, physical trauma or damage from chemicals, which poses vast and growing threats to biodiversity and the food web. This review article focuses on the various sources attributed to marine microplastics, the latest international, regional and national countermeasures to combat marine litter, as well as the status quo of microplastics pollution, legislation and regulations in China, and furthermore provides improving proposals/solutions on key research gaps, governance and management for future environmental control and policymaking in China.
Introduction
Plastics are versatile material of synthetic long-chain polymers with low cost, lightweight, recalcitrant properties, which bring numerous social benefits and become an indispensable component of daily life, driving the annual demand for world production on a substantial scale (Andrady and Neal, 2009; Thompson et al., 2009 ). However, with rapid growing plastic production from 230 million metric tonnes (Mt) in 2005 to 322 Mt in 2015, the associated concern must be plastic waste management in that around 6300 Mt of plastic waste have been generated globally by 2015 (Geyer et al., 2017; Plastics Europe, 2016) . It is estimated that beyond 5 trillion plastic debris weighing over 260,000 tonnes are currently floating on the world's ocean surface because of indiscriminate waste disposal (Eriksen et al., 2014) . Therefore, plastic litter as a major pollutant in the marine environment has received a rising concern from the entire global community involving governments, environmental nongovernmental organizations (NGOs) as well as scientific researchers since the early 1970s (Carpenter and Smith, 1972; Wong et al., 1974) . The latest estimates suggest that between 4.8 and 12.7 Mt of plastic entered the world's oceans from land per year (Jambeck et al., 2015) , among which China was one of the top marine litter generators accounting for nearly a third of the total emissions of 192 coastal countries and regions.
Assuming that current trends continue without any improvements in the plastic waste management on land, the cumulative number of plastic waste from land into the oceans by 2025 will drastically increase (Jambeck et al., 2015) .
Plastics can broadly fall into four levels based on their sizes: megaplastics (> 1 m); macroplastics (< 1 m), mescoplastics (< 2.5 cm); and microplastics (< 5mm). "Microplastics" is a collective term and was first proposed by Thompson et al. (2004) , defined as all plastic particles or debris smaller than 5 mm in diameter including nanoplastics (particles with nano-scale) according to the criteria of the US National Oceanic and Atmospheric Administration (NOAA) (GESAMP, 2015; Law and Thompson, 2014; Wright et al., 2013) . And the microplastics are outnumbering the large plastic debris (Browne et al., 2010) , usually found in most commonly manufactured products such as personal care and cosmetic products (PCCPs), or may derive from the in situ environmental degradation and subsequent fragmentation of large pieces of plastics by physical, chemical and biological processes. Even though a novel bacterium was isolated, capable of degrading and assimilating poly(ethylene terephthalate) recently (Yoshida et al., 2016) , the low energy environment, low oxygen levels, cold temperatures and lack of solar ultraviolet (UV)-radiation in the benthic zone make the breakdown speed of plastic debris slowdown, further exacerbating the persistence of microplastics in the oceans. Identified transmission pathways of the release of microplastics (both primary and secondary sources) into the marine environment include riverine systems, coastlines, sewage outflow, urban and storm runoff, improper disposal and dumping, accident leakage from marine activities and even atmospheric outfall. As microplastics are difficult to biodegrade and once they enter the marine environment, they are impossible to remove, that is the main reason why they contribute to the accumulation and concentration of microplastics in the world's oceans.
Microplastics tend to exhibit a large ratio of surface area to volume and are more susceptible to absorb persistent, bioaccumulative and toxic contaminants (Browne et al., 2011; Cole et al., 2011; Engler, 2012 , possibly acting as vehicles to transport to marine organisms and the food web, capable of causing physical harm such as internal abrasion from sharp items and blockage of the digestive system, disrupting physiological processes, and even modifying the population structure (Tanaka et al., 2013) . Due to the small size of microplastics, mistaken ingestions directly and indirectly by marine species have been widely documented (Goldstein and Goodwin, 2013; Wright et al., 2013b) , including seabirds (Rodriguez et al., 2012) , fish (Carpenter and Smith, 1972; Lusher et al., 2013) , mussels (Browne et al., 2008; von Moos et al., 2012; Wegner et al., 2012) , zooplankton (Cole et al., 2013 (Cole et al., , 2014 Frias et al., 2014) , sand hoppers (Ugolini et al., 2013) , and worms (Browne et al., 2013 ), which may infiltrate and then bioaccumulate up to every level of the food chain (Bouwmeester et al., 2015; Seltenrich, 2015; Setala et al., 2014) . So far, potential adverse effects of microplastics on the marine ecology and human health have not been fully elucidated. A research indicates that microplastics are more attractive than food for European perch in the ocean under exposure to environmentally relevant concentrations of microplastic polystyrene (PS) particles, thus the feeding preferences also indirectly indicate that fish contaminated by microplastics can have a certain effect on human health through the food chain (Lönnstedt and Eklöv, 2016) .
Microplastics can be transported by the hydrodynamic process, winds and ocean currents, and have been found abundant in almost every corner of our oceans over the past few years, ranging from coastline (Claessens et al., 2011; Martin et al., 2017) , the Irish continental shelf (Martin et al., 2017) , the Atlantic Ocean (Cózar et al., 2017; Law et al., 2010) , the Pacific Ocean (Eriksen et al., 2013; , European coastal areas (Interwies et al., 2013) and the Indian Ocean (Reddy et al., 2006) , even to the polar regions (Bergmann et al., 2016; Waller et al., 2017) and the deep-sea (Taylor et al., 2016; Van Cauwenberghe et al., 2013; Woodall et al., 2014) . As pointed out by the G20 Action Plan on Marine Litter (2017), it is an arduous task to reverse the far-reaching impact of marine pollution, which will take 67 ships one year to clean up less than 1% of the garbage in the North Pacific Ocean. Tracks of microplastics even extend to terrestrial environments inland (McCormick et al., 2016) , threatening the access to clean water and the sustainable management of water in freshwater systems.
Given that there are mounting evidences on microplastics in the aquatic environment (Cózar et al., 2014; Martin et al., 2017) , it is time to sound the alarm on the environmental issues brought by microplastics and call for combining international, regional, and national efforts to take mitigation-strategies to jointly improve plastic waste management by targeting their magnitude, main sources, pathways and long-term fate in the marine environment. Here, we present a review article aiming to: (1) identify the main sources of marine microplastics; (2) give a snapshot picture of the regulation and legislation management instruments regarding microplastics at international, regional and national levels; (3) provide an overview of the current situations of microplastics pollutions in China; and (4) put forward mitigation measures/recommendations at different levels ranging from decision-makers, researchers and scientists, to the public awareness, to provide the Chinese environmental authorities and industries with solutions from international, regional and pioneer countries' experiences, and contribute to enhancing the capacity for improving plastic waste and microplastics' management in China.
Sources of microplastics
Microplastics in the aquatic environment are generally supposed to be a heterogeneous aggregate of particles differing in shape, color, sizes, and chemical constitution. Marine pollution caused by microplastics originates from diverse sources and can be broadly classified into land-and sea-based sources. The landbased source is considered to be the dominant input of microplastics into oceans (Andrady, 2011; Auta et al., 2017; Browne et al., 2011; Cole et al., 2011; Saal et al., 2008) , which can be of both primary (originally and purposefully manufactured for industrial and domestic applications within microscopic size) and secondary origins (resulting from the continuous breakdown of large plastic debris) (Figure 1 ).
Primary microplastics
Primary microplastics come from engineered micro-sized plastic beads and industrial production pellets (about 5 mm diameter)/ powders (< 0.5 mm), widely used in cosmetics formulations (Castaneda et al., 2014; Napper et al., 2015) such as makeup, sunscreen, nail polish, hair coloring, eye shadow, shower gels, and personal care products containing scrubs and abrasives (such as toothpastes, facial cleansers and air-blasting) (Chang, 2015; Fendall and Sewell, 2009; Lei et al., 2017; Waller et al., 2017) , also including fibers released from synthetic textile and clothing manufacture (Salvador Cesa et al., 2017) . These microplastics are hardly visible to the naked eye and likely to flow straight from the bathroom drain into drainage systems and can easily escape capture by wastewater treatment plants (preliminary sewage treatment screens (Vesilend, 2003) : typically coarse, > 6 mm, and fine screens, 1.5-6 mm) ultimately ending up in the aquatic environment (Browne et al., 2011; Lasee et al., 2017; Murphy et al. 2016) . Also, virgin plastic production pellets with a diameter range of 2-5 mm are incorporated in the catalogue of primary microplastics despite receiving criticism (Andrady, 2011; Costa et al., 2010) . It is worth noting that polyethylene (PE) microplastics may be labeled as ''micro-beads", ''microbead formula" or ''micro exfoliates" which occur on various facial cleaners with daily use by the average consumer nowadays compared to their rare use in the 1990s (Fendall and Sewell, 2009) . Microbeads are also part of the wider issue of microplastics and it is calculated that around 0.1% to as much as 4.1% of marine microplastic pollution in Europe comes from cosmetic product sources, which can equate to an amount of 2,461 up to 8,627 tonnes of plastic emitted into the marine environment per year (Duis and Coors, 2016; Gouin et al., 2015) . Many abrasive scrubs with smoother microbeads make consumers suffer fewer damages to the skin which is why these have become a substitute for the traditionally used natural exfoliating ingredients recommended by the American Academy of Dermatology. But manufacturers are already exploring natural alternatives, including ground fruit pits, nut shells, salt and sugar, which have the same exfoliating properties but do not pose a threat to the environment. Air-blasting technology also benefits from using microplastic particles (0.25-1.7 mm) made up of acrylic, melamine or polyester to wipe out rust and paint from machinery, engines and boat hulls through the "media blasting" process (Browne et al., 2007; Cole et al., 2011; Derraik, 2002; Gregory, 1996) . Another considerable source of release of microplastics to the environment is tire abrasion (Boucher and Friot, 2017) , with an estimated contribution of 5-10% to the total global plastics entering into oceans (Kole et al., 2017) . Recently, polymeric microspheres have been applied in drug delivery systems of anticancer agents (Patel et al., 2009 ). In addition, there is potential for the accidental leakage and spillage of plastic resin pellets during the land transportation, loading/uploading, as well as trimming and tooling processes in plastic products manufacturing.
Secondary microplastics
Secondary microplastics mostly derive from fragmentation and degradation of large plastic debris into tiny fragments when suffering high solar UV-radiation and mechanical abrasion by a comprehensive consequence of physical (mechanical), chemical (photolytic) and biological processes, which can be directly transported into the marine environments from shorelines, rivers, and sewage pipes. Generally, embrittlement and weathering degradation processes will be accelerated giving rise to "yellowing" over time (Andrady, 2011; Barnes et al., 2009; Moore, 2008) when large plastic items are directly exposed to sunlight. However, the biodegradation process rate of plastics will become severely retarded with a sharpl dropping of temperature by going down in depth as well as low oxygen levels and the haline Figure 1 . Sources of marine microplastics: (a) different color and shaped microplastics collected from seawater, shorelines, or marine sediments ; (b) photomicrographs of the microplastics in facial cleansers (Fendall and Sewell, 2009 ); (c) scanning electron microscopy image of microbeads found in cosmetics (Thompson, 2015) ; and (d) scanning electron microscopy image of a typical fiber from fabric (Napper, 2016) . condition in the low energy marine environment of the benthic zone. Previous studies on microbial degradation found that PE in pelagic waters had weight loss of only 1% to 7% by three marine bacteria within 30 days (Harshvardhan and Jha, 2013) . Thus, many marine biodegradable plastics including biopolymers, and bio-derived and bio-based plastics, cannot be degraded and mineralized completely into small molecules (carbon dioxide, methane, and water) in the seawater which will bring prolonged adverse impacts on ocean environments (Anonymous, 2014; Rosenkranz et al., 2009; Velzeboer et al., 2014; Wagner et al., 2014; Wegner et al., 2012) . It is pointed out that there is a possibility that microplastics may further degrade into nano-scale plastic particles (Wegner et al., 2012) with lower bound size since the minimum size currently detected in the marine environment is 1.6 μm (Galgani et al., 2010 ) -these are easier to ingest and thereby destined to be an area of focus and a significant warning in the years to come.
Sea-based sources are attributed to the fishing, shipping, and offshore industry sectors (United Nations Environment Programme, 2005). It is estimated that there were approximately 4.7 million fishing vessels globally in 2012 (Moffitt and Cajas-Cano, 2014) . Sometimes, lost, abandoned, worn-out of fishing and aquaculture gears (including PE netting and twine) (Al-Oufi et al., 2004; Thomas and Hridayanathan, 2006) , and other equipment during use can easily result in the introduction of microplastic particles, which continue to entangle or kill marine life and damages habitats, ultimately impacting fish stocks and quality. Besides, operational and accidental spills by large shipping vessels and cargo are also regarded as the significant source of resin pellets despite the fact that monitoring data for these are sparse. In addition, it is shocking that microplastics of various polymers including PE, polypropylene, and PS in the atmospheric fallout have been first detected due to inadequate attention to sources from dust emission and deposition (Cai et al., 2017) .
Instruments of marine microplastics at international, regional and national levels
Although there is no specific international marine legislation regarding microplastics so far, many proactive countermeasures have been taken -voluntary or legally binding practices at international, regional, and national levels (Tables 1 and 2 ). (Lentz, 1987) . And UNCLOS is the most overarching legal framework regarding marine plastic pollution and covers international seabed and marine scientific research, marine environmental protection and safety, development and transfer of marine technology and so on, providing guidance and adjudication on the territorial disputes, natural resource management, and pollution treatment of maritime areas around the world. Taking sea-based litter pollution by maritime ships or vessels into consideration, MARPOL 73/78 as the most significant international agreement delivers a general ban on the deliberate discharge of plastics at sea in Annex V. The discharge during the normal operation is not regarded as dumping within the scope of Annex V in MARPOL 73/78. The LC is a global agreement mainly to regulate marine pollution by dumping persistent plastic and other synthetic materials at sea, which will be ultimately replaced by the London Protocol (LP, 1996) (Louka, 2006; Mouat et al., 2010) . Relatively, LP follows the precautionary principle adopting a reverse list, which is more restrictive than that of LC with black-and grey-lists. Owing to issues surrounding marine microplastics also connected with diverse waste streams under the LC/LP, a "Review of the current state of knowledge regarding marine litter in wastes dumped at sea under the London Convention and Protocol" will be commissioned by the Secretariat under the framework of the UN Environment Programme (UNEP)-led Global Partnership on Marine Litter (GPML) (Kershaw, 2016) .
International legislation and agreements
In addition, other important international agreements, frameworks, and initiatives such as the UN Food and Agriculture Organization Code of Conduct for Responsible Fisheries, the Agenda 21: The UN Program of Action from Rio de Janeiro and the Johannesburg Plan of Implementation, Convention on Biological Diversity (1992), with the Jakarta Mandate on the Conservation and Sustainable Use of Marine and Coastal Biological Diversity 1995, also involve protecting the marine environment resulting from marine debris.
Moreover, under the umbrella of UNEP, global initiatives on the Regional Sea Programme (RSP, 1974) and Global Programme of Action (GPA, 1995) are set up to organize and implement regional activities in 12 pilot regional seas (Baltic Sea, Black Sea, Caspian Sea, East Asian Seas, Eastern Africa, Mediterranean Sea, Northeast Atlantic, Northwest Pacific, Red Sea and Gulf of Aden, South Asian Seas, South East Pacific, and Wider Caribbean) in response to the threats posed by marine litter in 2003 ( Cheshire and Adler, 2009 ; United Nations Environment Programme, 2009), including: a review and assessment of the status of marine litter in each region; organization of a regional meeting of national authorities and experts on marine litter; preparation of a regional action plan (or a regional strategy) on the sustainable management of marine litter in each region; and participation in a regional cleanup day within the framework of the International Coastal Cleanup Campaign, providing a platform for the establishment of partnerships, cooperation and coordination of activities for the control and sustainable management of marine litter globally as well.
Since the urgent issue of reducing marine pollution including marine microplastics has already risen to global environmental governance, a wide range of global frames and initiatives have been taken either directly or indirectly in the past few years. In 2012, the Manila Declaration was adopted by 64 countries and the European Commission under the implementation of the Global Programme of Action for the Protection of the Marine Environment from Land-based Activities in order to prevent marine litter from land-based sources, which also agreed to set up the GPML aiming to include sea-based sources of marine debris (Cozar et al., 2014; Solomon and Palanisami, 2016) . Also, the significance of marine litter has been acknowledged by the G7 (2015) world leaders with commitment to give priority to address this issue. The G7 meeting on "Enhancing Maritime Security -Connecting Regions -Governing the Commons" mainly focused on: maritime domain awareness and surveillance; peaceful dispute settlement; illegal, unregulated and unreported fishing; and networking maritime security. And the G7 (2015) Summit adopted an Action Plan to combat marine litter covering land-based and sea-based sources, awareness raising and outreach, as well as removal actions. More recently, the G20 (2017) Summit issued a document reaffirming and updating the G20's Sustainable Development Goals Action Plan on the 2030 Agenda -the G20 Marine Litter Action Plan is one of three major initiatives related to the environment. Meanwhile, it is also an available approach to adopt a "circular economy" for recycling and reusing materials and reducing waste, contributing to preventing land-based waste from entering the oceans.
The first session of the United Nations Environment Assembly (UNEA I, 2014) put forward the issue of plastics (including that microplastics in the marine environment are a rapidly increasing problem) finally adopted Resolutions 1/6 on marine plastic debris and microplastics. It also requests to undertake a study on marine plastic debris and marine microplastics. Meanwhile, the Secretariats of the Stockholm Convention, the Basel Convention, and relevant organizations are invited to be involved in pollution control and chemicals and waste management, to contribute to the above study. Successively, UNEA II (2016) agreed Resolution 2/11 on marine plastic debris and microplastics under the overarching theme of delivering on the environmental dimension of the 2030 Agenda for Sustainable Development (17 Goals). Goal 14 outlines its target 14.1, which seeks, by 2025, to "prevent and significantly reduce marine pollution of all kinds, in particular from land-based activities, including marine debris and nutrient pollution." Along with recognizing the importance of cooperation between the UNEP and conventions and international instruments related to preventing and minimizing marine pollution from waste, it stresses that prevention and environmentally sound management (ESM) of waste are keys to long-term success in combating marine pollution, including marine plastic debris and microplastics. And it requests to undertake an assessment of the effectiveness of relevant international, regional, and sub-regional governance strategies and approaches to combat marine plastic litter and microplastics. In the recent UNEA III (2017), Resolution 3/7 on marine plastic debris and microplastics was adopted, stressing the importance of long-term elimination of discharge of litter and microplastics to the oceans, of avoiding detriment to marine ecosystems and the human activities dependent on them from marine litter and microplastics, urging all actors to step up actions to "by 2025, [to] prevent and significantly reduce marine pollution of all kinds, in particular from land-based activities, including marine debris and nutrient pollution", and also encouraging all Member States to prioritize policies and measures. Plastic waste and microplastics issues have also been included into the Basel Convention (Basel Convention on the Transboundary Movements of Hazardous Wastes and their Disposal) workstream at the 13th Conference of Parties in 2017, to encourage interested regional and sub-regional centers to work under the Convention on the impact of plastic waste, marine plastic litter, microplastics, and take measures for prevention and ESM, as well as introduce the above detailed new work into the 2018-2019 work program.
Regional and national instruments
This section will give an overview of some of the most specific instruments for marine plastic problems comprising regulations, programs, and action plans developed at regional and national levels not covering the gamut of all existing initiatives.
The European Union (EU) which participates actively and contributes substantially to international efforts for preventing and reducing marine litter and for mitigating its impacts, has introduced a number of policies, legislations and initiatives aimed at marine litter strategies, among which the EU Marine Strategy Framework Directive (MSFD) is the key European legislation to tackle marine debris (European Union Commission, 2017). The directive served as the first EU-wide legislative instrument related to the protection of marine biodiversity and was adopted on 17 June 2008. It aims to protect more effectively the marine environment across Europe and to achieve Good Environmental Status (GES) of EU marine waters by 2020. The MSFD defines GES as: "the environmental status of marine waters where these provide ecologically diverse and dynamic oceans and seas which are clean, healthy and productive". Annex III of the Directive was also amended in 2017 to better link ecosystem components, anthropogenic pressures, and impacts on the marine environment with the MSFD's 11 descriptors and with the new Decision on GES. The EU and European Commission (EC) also produced a set of detailed criteria and methodological standards to help Member States implement the Marine Directive and At national level, many developed countries have adopted legislation and policy measures to deal with the issue of microplastics. The plastics industry in the US and UK has implemented "Operation Clean Sweep" to reduce plastic pellet loss to the environment especially during transportation and shipment. However, the measures taken by developed countries on microplastic beads (Leslie, 2015) are mostly limited to PCCPs. And the microplastics caused by industrial raw materials are still in the research stage.
The US NOAA specially set up the National Marine Debris Program in 2006, and jointly issued the Honolulu Strategy (Nevins et al., 2011) with UNEP in 2011. The strategy can be regarded as a global framework for a comprehensive and global effort to reduce the ecological, human health, and economic impacts of marine debris, in which plastics (including microplastics) are taken as environmental pollutants in the marine environment. From 2014 to 2015, Illinois adjacent to one of the largest freshwater bodies of water in the world, Lake Michigan, was the first American state to pass legislation that bans the manufacture and sale of cosmetics and toiletries containing microbeads by the end of 2017. New Jersey followed suit and several other states, including Michigan, New York, and Indiana are working on this issue. In late December 2015, the US signed the Microbead-Free Waters Act that from July 1, 2017, stipulates all manufacturers will not be allowed to produce any cosmetics containing plastic microbeads and also prohibits the introduction of such products from July 1, 2018.
In Europe, five nations -Austria, Belgium, Luxembourg, the Netherlands and Sweden -all pooled their efforts to call for the EU to ban microbeads from personal-care products in 2015, explicitly expressing concern about the possibility of them harming human health by ending up in seafood. Since then, Sweden has introduced its own ban on microbeads in rinse-off products (Swedish Government, 2015) , which will begin on January 1, 2018. Following in the footsteps of the US in mid-2017, the UK government has announced plans to ban rinse-off cosmetics products containing microbeads from 2018 and the manufacture of these products by the end of 2017. The UK also carried out Beach Cleanup and various awareness campaigns such as the Green Blue initiative. The Italian parliament adopted a proposal on 19 December 2017 to ban microbeads scrub particles in cosmetics as of 2020. In addition, Italy will be the first country to ban plastic cotton buds as of 2019.
The Canadian federal government announced a total ban on the sale of shower gels, toothpaste and facial scrubs containing plastic microbeads, effective July 1, 2018, which sets Canada on a timetable that follows the US for removing the tiny pollutant from Canadian waters. Microbeads discovered in natural health products and non-prescription drugs will be prohibited a year later, on July 1, 2019.
Elsewhere, New Zealand has notified the World Trade Organization (WTO) of prohibitions on managing microbeads in personal care products (New Zealand Government, 2017) that could come into effect in 2018. In Australia, the Federal Government (2016) will take action to implement a ban in law in 2017 if companies do not adhere to a voluntary phase-out of microbeads by 1 July 2017. Similarly, South Korea will ban the use and sale of plastic microbeads in all cosmetics from July, 2018. The ban of Taiwan Province, China on the manufacture and import of products containing microbeads comes into effect on January 1, 2018, with the ban on their sale becoming effective on July 1, 2018. Taiwan Province, China also published a draft bill concerning methods for qualitative screening of microbeads. Mainland China has not yet issued regulatory documents on microplastics or microbeads.
These instruments including Conventions, action plans, UNEP RSP, GPA, GPML as well as a ban on microbeads both at international and regional levels and country by country levels (summarized in Tables 1 and 2 , and Figure 2 ) also provide a platform to encourage all stakeholders to engage in establishing partnerships, coordination and cooperation as well as share international experience/practices with each other.
Current situations of microplastics in China

Distribution
China is the largest plastic consumption and waste generating country in the world. Meanwhile China is the largest importer of plastic waste and cannot survive plastic pollution as well (He et al. 2018; Rochman et al., 2013) . The State Oceanic Administration has launched marine litter monitoring in 45 areas, including the types, quantities, and sources of litter floating on the ocean surface as well as on the beach and in the sea bottom -around 67% of this floating garbage originates from land and 33% from maritime activities, among which the amount of plastic waste is up to 84%, mainly PS foam pieces, plastic bags, and plastic bottles (State Oceanic Administration, 2016). After longterm weathering, these large plastic debris in the marine environment will eventually be cracking to form microplastics or even nano-sized particles. Up to now, microplastics have been discovered in beaches, surfaces waters, sediments, estuaries, inland waters as well as seafood and sea products, but the researches are still limited in China.
During 2009 and 2010, floating, seafloor, and beached marine debris in coastal seawaters or beaches around the northern South China Sea, mostly attributed to human activities, have been investigated (Zhou et al., 2011) . Zhao et al. (2014) first observed and gave a quantitative and qualitative description of the suspended microplastics in the surface water of the Yangtze Estuary and adjacent East China Sea, providing a baseline for potential sources and flows for further research. And they also quantified microplastics in three urban estuaries (Jiaojiang, Oujiang and Minjiang Estuaries), analyzed the response to the extreme meteorological events, and correlation between contamination levels and economic development (Zhao et al., 2015) . Subsequently, they investigated into abundance and distribution of microplastics in sediments of the Yangtze Estuary demonstrating that the pollution mainly resulted from washing clothes (Peng et al., 2017b) . Therefore, rivers have been identified as one of the most important sources of microplastics in the oceans, which was further confirmed by the research on the Three Gorges Reservoir (TGR). The abundance of floating microplastics in the TGR was several orders of magnitude greater than that of marine and freshwater, firstly demonstrating that reservoirs may be a hotspot area for microplastics pollution (Zhang et al., 2015a) . Moreover, chemical contaminants adsorbed by microplastics were observed in the TGR (Di and Wang, 2018) . Yu et al. (2016) conducted the first microplastic observation in the beach sand of the largest Chinese inner sea -the Bohai Sea -which is mostly contributed by intensive tourism activity. Also, the occurrence and distribution of microplastic in the surface waters of the Bohai Sea were first investigated (Zhang et al., 2017b) . In the Beibu Gulf and the coastline of the China Sea, microplastics in sediments were first studied and found in high concentration (Qiu et al., 2015) . And the coast of Guangdong (Fok et al., 2017) and the Pearl River Estuary and Hong Kong (Fok and Cheung, 2015; Lee, 2013; Tsang et al., 2017) were also found to have traces of microplastics.
Notably, recent studies reveal that ubiquitous microplastics have been detected in many inland waters (Zhang et al., 2017a) , including a mega coastal city -Shanghai (Peng et al., 2017a (Peng et al., , 2017b , the largest central city -Wuhan , Taihu Lake , largest inland lake -Qinghai Lake (Xiong et al., 2018) , even remote lakes in the Tibet plateau (Zhang et al., 2016) , occurring in significantly higher abundance than the oceans, which has raised growing concern.
In addition, the observation of persistent organic pollutants adsorbed on plastic resin pellets from Zhengmingsi Beach and Dongshan Beach in northern coastal areas of China proves that microplastics can be used as an effective medium to monitor the concentration of organic pollutants (Zhang et al., 2015b) . Traces of microplastics have been even detected in seafood -commercial bivalves and sea products -table salt , as well as various marine organisms including mussels , zooplankton groups (Sun et al., 2017) , and fish (Jabeen et al., 2017) . All the above studies exemplified the ubiquitous occurrence and accumulation of microplastics in the estuaries, coastal, and inland waters of China as shown in Figure 3 .
Legislation and regulations
Compared with other countries, China has not formulated any guidelines, standards, and monitoring procedures regarding microplastics. Table 3 gives a summary on relevant plastic waste legislation and regulations in China. Although Technical Regulations for Monitoring and Evaluation of Marine Litter, formulated by the Chinese State Oceanic Administration in 2015, provide for the monitoring of the classification of marine debris by size and material, these regulations do not involve pollution monitoring of marine microplastics.
Mismanaged plastic waste is an important source of pollution, both as waste itself and through degradation into microplastics. Recycling has been proved to be a sustainable and environmental-friendly approach which can make waste turn into financial, environmental, and social resources, not only satisfying the needs of most developing countries with less-advanced disposal technology but also leading to reducing the accumulation of plastic waste (Sheriff et al., 2017) . National and local governments are eager to solve the problems of waste recycling. The December 2016, 13th Five-Year Plan on Ecosystem and Environmental Protection focuses on the improvement of the ecosystem and emphasizes on prevention at source and green development. It has mentioned explicitly improving the water environment quality, strengthening the ecological restoration, and protecting and improving the ecosystem functions such as rivers, lakes and oceans. Considering the serious problems related to plastic waste, China has quickly changed the regional policy and regulatory aspects of how to deal with plastic waste and has delivered an official notice to the WTO to ban 24 types of waste in 2017, in Figure 2 . Regulation and management instruments on marine litter developed at international, regional and national levels.
which eight types of waste plastics from the non-industrial sources (including the household source) have been adjusted from "Catalogs of Solid Waste that is Restricted to the Import Class and can be Used as Raw Material" into "Catalogs of Prohibiting the Import of Solid Waste."
By the end of 2016, China's first key research and development plan of the Ministry of Science and Technology on marine microplastics -"research on marine microplastic monitoring and ecological environmental impact assessment technology" -was launched and leaded by the State Key Laboratory of Estuarine and Coastal Research of East China Normal University, aiming at revealing the impact of marine microplastics pollution on the ecosystem and establishing the national standards of analysis and monitoring method, ecological risk assessment, and research on the source and control of the pollution and other key technologies. Also, the Chinese Academy of Sciences started a leading scientific research project, "microplastic pollution and ecological risks in key estuaries and bays in the Bohai Sea and the Yellow Sea."
Overall, national legislation and policies related to microplastics are still lacking and do not keep up with emerging environmental problems; also, public awareness and understanding of microplastics are in their infancy. There is a strong and urgent need for China to improve and streamline its policies, standards, and guidance documents both in important source sectors, such as the waste recycling, and in the environmental management sector.
Possible management proposals for China
At present, many developed countries have adopted legislation and policy measures to deal with microplastic issues, and passed laws prohibiting the sale and manufacture of microbeads in PCCPs gradually. For the near future, minimizing microplastics inputs may be a viable and urgent way to mitigate pollution from sources in most developing countries, but over the long term, adhering to the principle of sustainability will provide more effective solutions including improved governance, towards a circular plastic economy as well as behavioral changes. Therefore, there are many obstacles and challenges to combat marine litter. The following remedial actions and possible proposals are suggested for improving domestic microplastics management in China:
1. As legislation and regulations related to microplastics still remain vague in China, it is urgent to establish a mechanism of multi-governance, and authorities from national environmental supervision departments at all levels should formulate concrete monitoring indicators, standards, and measures for the emission of miroplastics' pollutants in the production and use of plastic (or microplastic) products both in land and sea areas. Also, regular monitoring and inspection are required in order to enhance implementation and enforcement and set up the corresponding measures for the penalty of excessive discharge for the improper treatment, illegal dumping and leakage to prevent, reduce and control the sources and pathways of microplastics at all stages from plastic waste generation, collection, transportation and other processes. In addition, what is needed is a call for cosmetic makers to make voluntary commitments to phase out the use of microbeads in PCCP products and additive chemicals. 2. Up to now, China has no announcement on microplastics. In order to identify the main sources and distribution of waste plastics and microplastic pollution, more research is required to fill data and technology gaps: (i) national long-term monitoring on sediment, lakes, rivers, seas and terrestrial environment to quantify primary and secondary sources of microplastics, and entry points to aquatic system, also pay close scientific attention to inland freshwater ecosystems; (ii) as microplastics are not easily discernible to separate from non-plastics by visual sorting, mainly assisted by microspcopic Fourier-transform infrared spectroscopy (Löder and Gerdts, 2014; Mecozzi et al., 2016) . It is quite essential to develop key indicators, cost-effective sampling technology, and analytical methods especially for distinguishing and quantifying smaller plastic particles -nanoplastics; and (iii) identifying interaction and clarifying potential social, economic, and ecological impacts of entanglement, ingestion and the food chain both on human health and biota, along with performing a comprehensive risk assessment that may help to select the most effective and appropriate measures, and support accurate guidelines for further decision-making. 3. It is necessary to strengthen cooperation and participation related to international and regional initiatives on marine litter, to promote a dialogue on best available technologies, best practices, market-based instruments, and to develop and advance a domestic microplastics management mechanism.
4. In addition to the use of technical means, legal and management tools, social attitudes, perceptions and behaviors changing will also be required to fill the knowledge gaps. And it is essential to carry out awareness raising and educational campaigns (workshops and training) targeting public and stakeholders (NGOs and the private sector), to encourage involvement in marine microplastics actions (such as cleanup), guide consumption habits and patterns of consumers avoiding products containing microbeads to reduce discarding deliberately and availability of single-use plastic items, and minimize the amount of abandoned fishing gear.
Conclusion
Given the present scale and severity of microplastics in the entire marine environment, there is still a lack of reliable estimates of the level of microplastics and they remain a particular concern regarding the uncertain health and environmental risks caused by absorption, ingestion, and entanglement at both the individual and population level. As it is almost impossible to completely remove microplastics from the open sea relying on existing technical means, reducing marine microplastics pollution has become an urgent issue plaguing the global oceans. Although some regional and national legislative bodies and manufacturers are attempting to address the problem by prohibiting the use of microplastics in personal care products, all stakeholders (including the general public, scientists, and NGOs) have responsibility to make joint efforts to tackle the problem. Above all, in order to enable efficient and effective management strategies to be implemented, further works urgently need to be done including developing sound regulations and legislation related to microplastics, establishing a standardized monitoring method, identifying knowledge, techniques and waste management gaps, urging a world-wide ban on microbeads in beauty products, and supporting scientific research work on quantification, sources, sinks, and ecological impacts of microplastics. It is expected that this paper could be helpful and useful for improving marine microplastics management both in China and the world.
